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Fip9 Haadling Apparatus 
The present invention relates to a pipe handling apparatus used in drilling oil and gas 

Whm driliing for oil and gas» wititi a rotary drilling rig, the drill stzing U made up of 
lengths or joints of drill pipe. Each joint has a thieaded male connection (pin) on one 
end snd a female threaded connection (box) on the other end. These are toown as 
tool joints and are designed for repeated make up and break out. After drilling a 

10 section of bole, of many hundreds of feet, the hole is lined with pipe, called casing. 
The lengths of casing ate joined together with threaded couplings, which are not 
designed for repeated making and breaking. To complete a well for production, a 
string of recoveiabie pipe, called tubing, is installed^ which is also connected by 
threaded couplings. All tool joints and couplings have sealing suriaces wbicll form 

1 5 pressure tight seals between the two halves of tiie ooaneetion, when connsctDd. 

When drilling, an assembly of heavy wait tubular components is run immediately 
above the drilling bit, called the bottom hole assembly (BHA)« The production tubing 
includes components for controlling end monitoring &e weU production. 

20 

ConvCTtionaUy; new tubulaxs, (generally of nominal length 30ft and exceptionally 
45fi, in the case of drill pipe, but sometimes of 20ft or 40ft in the case of casing)^ are 
delivered to the drilling site from the si^plier by road, rail and/or sea in bundles. TLe 
threaded tool joint and connecitor ends are protected by removable caps duriug 
25 transport and handling, but damage to these vulnerable extremities often occurs 
before the tubular is used within the rig or during transport between sites. 

Conventionally also, new tubular completion assemblies are often made up in the 
yard and delivered to the rig site by road, rail and/or sea, in a variety of protective 
30 packages. 
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Qncc on tbc dnlling site, the tubulars and tubular assemblies are individually handled 
bycx^'B-ana^hS liftmg aje^'Of t»«ir/Hto^ within ttoerrig involves stabbing each" 
tubular pin into the box of the tubular below, v^hich itself can cause daxnage. 

5 Although the sealing surfaces md thieads are freqiiently itispccted^ it i£ inevitable that 
some connections are made that are sub optiznam duo to damaged sealing sor&ces or 
threads. 

In the prior art there arc various methods and devices for lifting tubulars to and from 
10 a drilling rig floor, Orx of such methods simply attaches a wire cahle to the pipe and 
then the cable is lifted by a hydraulic winch whicb is typically mounted on a truck 
parked near the rig* Cranes have also been used to lift the pipe. Hydraulic driven 
chains have been successfully used too. Pipe transfened by these methods con be 
dropped on personnel or equipmeaat below causing severe injury and damage 
15 inasmuch they can weigh thousands of pounds. Often Ifae pipe must be lifhsd to 
heights of forty feet or more. These dangers are more intense when flae q9>aratus and 
rig are positioned offiihoze and subjected to Mwe, tidal and wind forces. If fiiepipe is 
d;0pped or banged against other structure the dreaded ends can be easily damaged ox 
the pipe bent 

20 

bctined txou^ for the transfer of tubulars have also been used wherein the tubular is 
fictionally slid along ^ trough sui&ce. Ihis action often causes excessive wear on 
pipe especially the threaded ends which must be protected fix>m sucb wear. It was 
thus often necessary to keep the metal thread protector on as &3 pipe was moved 
25 along die trough for removal when the pipe was on the drilling rig platfomi. Ttixs 
necessary care of the threads and pipe ends creates an extra step in the installation of 
the pipe or other tubular in the hote resulting in a longer cycle time. 

. Prior art troughs sometimes were designed to pivot fiom a generally horizontal 
30 position adjacent the pipe rack to an inclined position near the drillmg rig floor. 
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However, no satisfactory means had been developed for supportmg the uppetmost 
' ead[ on'th'e floor/ Also^ lite' pl\^f<^^ and the 'structure" 

iutegritj' of the trough limited Ae leng* of the trough, the angle of inclination and 
heoce the ultimate lifting height When ^e pnor oxt transfeniiig apparatus was used 
5 on ofEshoze lige, the ^vind, tidal and "wave forces would act agamst ihe pivoting 
txo^^ causing it to sway or to become out of aligxunat with the svqpport means. 

From a single drilling rig often 20 or more holes ai« bored. This requires that the 
tubular handling apparatus be moved ait»taid on the platform to position it near the 
10 hole being used. This is a time-consuming process and typioolly requires the use of 
additional moving equipment; e.g. cranes. 

To tranrfer the pipe from the ground onto the prior ait pipe handling apparatus also 
required at least two personnel manually to move or roll the pipe to the machine, a 

15 procedure thai limits the pipe &om being cfiSoicntly stacked. Space being at a 
premium on any ofl&hoxe rig, the inability efficiently to stack the pipe presents a 
serious problem. Liolined conv^cr ^ystwis bad been used to handle tubulaia in the 
past but they occupied such laige amounts of valuable floor qpace that they are not in 
any substantial use today. Pipe handling systems and apparatus are described in US 

20 Patents 3633771, 4426182, 4834604 and $220*07. 

When removing the drill string from the well, or *tripping out\ in order to change the 
bit assembly, for example, the mbulais are ^stood back' vertically within the rig, in 
stands of I, 2 or 3 joints. However, no satisfactory means has yet been found of 
25 cnauiing that the sealing sm&ces and threads of the bottom ends, vulnerable pins, 
un; never damaged as they land on and slide over the dxxU floor 

After the hole is drilled, the move to the next site involves breaking down die drill 
stiiag into single joints, which is labour intensive and titne consuming. Surplus 
3 0 casing and tobing is returoed to the supplier for inspection and r^-stocking. 
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We have idveiited a ikw aiid craiplefe ^sleoo'fdx the haTKIling of iubiil^ and tubular 
assemblies that employs prior art ISO containers, container ha n d lin g , Avell 
constructioia components and the ^Coiqjlcr' described in WO 00/22278. 

5 

According to Che invention there is provided an apparatus for movbg pipes vdnch 
apparatus comprises 

(i) a stinger slidably mounted on a jSraxne which stinger comprises a rod or tube the 
end of which is adapted to fit within the pipe to be moved 
10 (ii) ^ gripping means on the end of the etingcr which is inserted into the pipe and 
which gripping means is adapted to grip the pipe 

(xu) a drive means which drives a screw threaded sub which drive means is adq)ted to 
slide along said stinger so that the screw threads on the sub can engage the screw 
threads on the end of the pipe and 
15 (iv) moving noeans ad^ted to move the sub and a pipe attached to the sub along the 
fiame* 

Preferably there is a sealing means between the sub andtiie stinger, vriierd^y the well 
pressure is contained while the sub slides along the stinger when m diiUing mode 

20 

The fiame preferably is inooxporatsd in or is a mast and the stii^ger is preferably 
mounted on a stinger carriage ^^ch can slide along the frame or mast, the sub is 
pcefecably driven by a drive carriage which can slide along Ae stinger and there is a 
rotary seal between the sub and the drive carriage and a reciprocaliDg (axial) seal 
25 between the drive carriage and the stinger. 

There is preferably a guide which supports and centralises a tubular whilst it is puUed 
onto die stinger and whilst it is being traasported. 
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In use with a pipe stared in a container, such as an ISO container, Oie stingei is 
aliizied with the end of the pipe* and sES' ao^glHe'ffame liiS^ Ifie'gtipping means are ' 
witliun the pipe, the gripping means are then activated to grip the pipe from the inside, 
the sub is slid along the stinger until its screw threaded end engages the screw threads 
5 on dxe pipe, the sub is then spun so Qiat the jdpe is ccimected to it^ the stinger can 
then be disengaged and the pipe con dien be withdrawn fiom the container and is 
supported on the fiame. When the pipe is to be attached to a driU string, the ^ame is 
positioned so that tiie end of the pipe ia above the end of the drill string and the end of 
pipe pushed or snubbed against the end of the driU string as m conventional drilling 
1 0 for example in a coupler. 

Preferably tihere is mast and gantry which supports tte stinger, drive and guide in 
both drilling and wardiousing modes and the stinger assembly comprising the stinger, 
driving means and subs is mounted on a mobile mast which is supported by the 
1 5 mobile gantry. Tte stinger carriage can move axially along the mast eg. for sfac feet. 

In the warehousing mode the mast is horizontal and the stinger accesses a tubular 
>wthin the ISO ContaiBBr by moving in an matrix (X horizontally and Y 
vertioally) so ttiat die tubulars can be removed oi added to an ISO container. In the 
20 drilling mode the mast containing the tubular is raised Id the vertical position and the 
end of the tubular positioned over the well head 

In the ippaiatus of the present invention the mast can pick up a stinger assembly of 
the correct tize and then move it to any position so that it can operate either m 
25 drilling mode vertically above the weU head assembly, or operate in warehousing 
mode horizontally across the faces of the open ISO Containers. 

One important aspect of the bandlirig mechanism of the present invention is that the 
'stinger% which is preferably a long and very stiff thick walled pipe and along vAidi 
30 the *dnve' slides and to which the drive seals, allows the tubulars to be poshed or 
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'snubbed' into the well against the full pressure rating of the well bcad» mahout any 
risk bf buckling the tubular. This al5b r«duccs5l3xe forceiiecessaty to ^tib the tubular 
into the well bore by some 80 to 90%. 

The stinger disc serves to penetrate each tubxilar or tubular assembly stored in an ISO 
contelner, grip it from the irside, read any intemall? installed data fag or bar code, 
restrain it while the 'drive sub' is slid forward, spun in and connected, and support 
the tabular or tubulai assembly, vAiU it is withdrawn &om the ISO container, until it 
is safely aligned to, and centred on, the string within the 'Coupler'. 

The total system can be fuUy mechanised and repetitive auctivitiss can be fairly easily 
automated. The system has also been designed so that it is rd^tiwly easy to put the 
total rig under wcter, ydlh a view to ^itilizing it as a ^seabed located rig' in water 
depdis down to 20,000 feet, Several aspects of opexatbg this system are easier under 
water than on land, such as using buoysmcy to support weight and eliminating firs and 
explosion risk. 

V^l3ercas the ISO Container is an established Xutemarional Standard means of 
tMisporting and storing eqiiipmcnt and materials, no standard form of containing 
tobulars is known. We have devised a simple range of internal layouts for a standard 
20 ISO Container, useful with The present invention such that all tubulars and tubular 
assemblies needed for the drilling of oil and gas wdls, can be transported and stored 
in ISO containers in such a way tfcuit tubiiiars and tubular assemblies can be protected 
and easily accessed when requited. 

25 Regarding Container length, the most popular and economic imits are the 20ft and 
40ft ISO Containers. 10ft and 30ft are also ISO standards but less popular and less 
economic overall The vast majority in worldwide use art 8fl 6ins high by 8 fl wide 
and ate die most economic. There ai9 millions of 20ft and 40ft^ 8fl 6in5 high by 8 il 
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wide containexs m u$o worldwide and thousands of road, rail and sea terminal* 
enable of handling the$0 sizes. 

Regarding Concainer weight, the conunon ISO standard fbr 40ft containers is a ^gross 
5 weight' or *all-up-weight' of 30 tons; consisting of a typical 'tare weight' of about 4 
tons plus a lesulting maximum 'payload weight' of about 26 tons (Some Countries 
reduce the 'gross weight* allowed when transporced by roadl} 

Whereas the leogdi of drill pipe is most commonly an API standard 'R^iuge 2\ being 
10 a nominal leagtix of 30fl (ranging fnom 27 to 30 ft), a nominal length of 40ft is also in 
use and is known as Range 3 (ranging from 38 to 45 ft). By iimiting the *acceptable* 
mnge to 3S to 39V3 ft, ''Limited Range 3*' tubxdars could be transported and stored in 
40ft ISO containers. 

15 Indeed all twbulars and all tubular assemblies could be "Limited Range 3". Only bit 
assemblies and certain 'specials' need to be shorter but these can also be stored in 
40ft ISO eoniainers, by reversing the ISO container to acoess both ends or by 
increasing the travel of the stinger to reach furtibier into the ISO container. 

20 Analysis of the capacity of 40ft ISO containers shows that, for the raajOirity of 
tubulat$ needed to drill a 12,000ft deep weU say, the ISO containers are generally 
only half iiill when^ weight Ixnut is reached. This being the case, Ihe optimum 40ft 
ISO container could be a Ixalf taeigbr, as they are oalled; ie. 4ft 3ins high, thus 
allowing 2 to be stacked to equate to the height of a regular ISO container for 

25 eoonoxnic use of space on site and at sea. (Though not on road and rail, where weight 
is restricted; but vAere, however, the lower centre of gravity of a "half hdghl" is an 
advantage). 



30 



The 40ft ISO contains would he opened at both ends, which is also an ISO standard, 
to allow inspection of both ends of the tubulars. The doors fold back flat and locked 
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SO thfit the ISO coniaiEcrs can then be stacked dose together on a pre planned 'base 
striictviTC'V This then allows both ends, pins and boxes, to be easily accessed for 
cleaning, inspection and applying thread lubricant It also enables a machine, such as 
a 9tixiger xnouotcd on a mast and gantr)-, to relate to ihe exact position of the ISO and 
S its contents for mechanised or autoniated warehoussTSg. 

At the end of the plastic tubes, the wall thickness of the tubes can be increased and 
the foam can be faced in plastic and welded to the tubes for additional strength where 
the steel tubulars could ex^ considerable point loading if not aligned with the plastic 
10 tubes. 

The word plastic includes polymers, reinforced polymers and composites such as 
glass fibre reinforced plastic etc. which possess adequate properties for the storage 
cubes. The word foam is intended to mean foamed polymers such as foamed 
16 polymethanes, polycthcrs etc. 

The proportion of the space to be filled with foam depends mainly on tihe optimum 
transmittal of the weight of the steel tiibulazs, via the plastic tubes to the ISO 
container base and walls. 

20 

Whereas xm ISO oHitainer doors will be opened at both ends before the ISO is 
stacked on the base structure, a secondary sealing sur&ce is prefezied to maintain a 
clean environment around the tubulars duriog transport and when access is not 
required. This secondary sealing surface need Mt be structurally strong like the doors 
25 butp preferably, can roll up, like a roller blind on the back of a road van, into the 
vacant space above the tubular storage mtbin the ISO. 

Each ISO container carricss electronic tagging that can be scanned by sensors on the 
mast carriage and which identifies the type of storage anay inside and the serial 
3 0 number that will tie up with data concerning its spcoilic contents. 
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Since each rc-asablc drill string tubular will now iiave a pemmofeit 'address' it wlT 
to fitr easier to log its rdsloxy and record its actual length, number of make-ups/dis- 
conaects, at what torqxie^ what position in tise string* etc. (ISO containers carrying 
$ casing can be returned when empty to be refilled at tlic nearest depot). 

The X Y stoiage/waiehoumg system enables the Drilling S>'stcm to be programmed 
to follow a series of automated well construction sequences under the remote control 
of the Driller and Drilling Crew* 

10 

Flexibility exists to manually make up bit assemblies, produi:tion assemblies and 
other special intervention assemblies into 40 ft lengths on site and then insert them 
into an ISO, by usiiig the site crme or fork lift, for subsequent extraction by the 
stinger assembly and insertion into (he well boie< 

15 

This invention achieves the complete mechamsation of the handling of all tubulars 
and tabular assemblies^ fiom their specific designated locadons within particular ISO 
containers, to the weU bore and, in the case of d^e drill string tubulars, back to their 
designated locations within the ISO contsuners. Thus, it is now possible to monitor 
20 and record automatically the iocation of all tubulars and long sequences of operations 
can be more easUy automated and computer controlled in the interests of faster, more 
efficient and safer drilling. 

It is assumed that a Coi^ler is being used (a device that allows mud circulation to 
25 continue while tool joint connections are being made or broken) such as described in 
WO 00/22278. This reduces the drilling downtime when tubulars sre added to the 
drill string, and improves the efEciency of repeatedly making good tool joint 
connections; so that there is no overall advantage in dzilling with stands of 2 or 3 
joints of drill pipe (doubles or triples). 
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in this iaveaticn> joints of drill pipe of 40ft nominal length can be used. The 
* possibilitJ^of exCmcting the drill string in doubles* while tripping out of the bol«^, t.e. 
stands of 2 joints each, is not thougbt to be worth while if a Coupler is being used^ 
alsOj the mast and stinget can be limitdd to some SOft in lengthy instead of about 90ft 
5 Nor is it worth 'standing back^ joints of drill pipe in a vertical stack v^ien tripping out 
of the hole, since it is just as eas/ and simpler to store the tubulars in the ISO 
containers. 

As designed in this invention^ the OverttU maximum height of the rig is the height of 
XO the %ve]lhead assembly plus about 50ft, which is vexy much lower than conventional 
rigs. 

The mast and gantry together are likely to be of less weight than a conventional rig 
and easier to pack up into toad transportable 3 0 ton loads. 

15 

The ISO containeTS add additional weight to be transported but this is totally 
outweiglied by the many technical and economic advantages of using ISO containers. 

Hie wellhead assembly and all other auxiliary drilling equj;pne]it are conv^onal 
2 0 state-of-tbe^trt eqmpment. 

This invention essentially mechanises tbe handling of ell tubulars from an organised 
storage system within ISO containers to the wellhead end back fox complete remote 
control. As such, this invention fadiitates the placing of the rig under water, on the 
25 seabed in water depths down to 20,000 ft. 

The ISOs can be mode neutrally buoyant using tiv^ appropriate syntactic foam filling 
and can naturally *fioat^ in the vertical. They can be flown by work ROV to the 
seabed location. 



30 
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The doon would be locked open on top and closed beneath* Che tool joints having 
idread^been'uispected and prepared on board the support vessel, before launching 
through the moon pool 

5 The mailt adaptatioa of this iAveutioa is that the atinger and mast can cemain in the 
vertica] at ail times and the X Y axes for accessing the tubidars sre both horizontal. 

The base structure, with adjustable feet, standing on the seabed instead of on Iand» 
would support the ISO containers in the vertical instead of the hcxizonial. 

10 

This inveatioD reduces the need for a rig structure sufficiently to fecilitate the housing 
of all rig components within ISO containers or within the seme space and comer 
^ttxngs of an ISO conteiner* Hence ^1 parts of a drilling rig designed in accordance 
with this invention would be capable of deploying and recovering through a tj'pical 
15 moon pool of an average seagoing surfiscc support vessel. 

Such a seabed rig, connected by compliant risers, to its suxfim suppor: vessel, would 
inevitably be considca^ly less expensive tc build and operate than a Deep Water 
Drill Ship connected to its Vifellhead by a rigid drill string (with or without a rigid 
20 return riser). 

The invention is iUustrated in the drawingj9 in which 

Figs. 1 and 2 show m overall view of a tubular handling system incorporating the 
25 iiivcntioo 

Figs. 3a and 3b show various storage capacities for different size tubulars in 
containers 

Pig. 4 shows various armagements for Storing tubulars in ISO containers 
Fig. 5 shows the stinger arrangement 
30 Figs. 6 and 7 show enlarged sections of fig. 5 
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Fig. 8 shows the addition of a tubular to a well head assembly 
Fig. '9 sic wa details of a guide systdiii of fig. 5 
Fig. 10 shows aaother guide system of fig. 5 atid 
Fig. 1 L shows a further guide system of fig. 5 

5 

Etefeirisg to figs. 1 and 2 there is a well head assembly (15) and staodaid ISO 
Containers (10) fitted out to coirtain all tubular and tubular assemblies used ia 
drilling, positioned on a base (11), which ako supports the mobile gantiy (12), on 
which is mounted the mobile mast (13). There is a stinger assembly (14) 

10 

The mast (13) can pick up a sttQgcr assembly (14) of the correct size as in Fig 2 and 
then operate either in drilling mode vertically above the well head assembly (1 5) as in 
Fig 1, or operfile in warehousing mode ho2i2SOntaUy ai:ross the faces of the open ISO 
Containers (10) as in fig. 2. 

15 

Rfifeinng to Sg. 3 it can be seen that the loading and weight of various configuration 
of pipes cam fit easily into ISO containers with considerable space to spare, 

Referring to fig. 4 the arrangement of 4A shows a straight forward rectangular 
20 packing, fig. 4B shows a diagonal packing arrangement and fig. 4c sbovvs the use of 
foam* For transportation puiposes, there is advantage in using a diagonal lattice or 
tubes in order to avoid lateral movement during transportation^ akin to many racks 
that store bottles of wine as in Fig 4 B, The preferred solution, however, is to set 
lightweight plastic tubes in a foam and the preferred eiray for these tubes is the 
25 hoiieycomb or hexagonal anray as shora in Fig 4 C, with each tubular being 'above 
and between the two bdow. 

At the end of the plastic tubes, the wall thickness of the tubes can be increased and 
the foam can be faced in plastic and welded to the tubes for additional stieng(h where 
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the steel tubulars could exert co]i3ideiable point loading if not adequately aligned 
* wiOt'Oie plasdicTobesI 

The Siinf er &. Stinger Carriage and Tlie Drive 

5 

Refening to figs. 5, 6 and 7 - the stinger assembly (14) consists of the stinger Q\\ 
Drive (25) (fig. 7) and Guide (31). 

The stinger (21) is connected to the mast (13) by the stinger carriage (22)^ which can 
10 move some 6 feet, or more, axiaUy along the mast (13), in order to insert the stinger 
(21) into a tubular (20) stored within on ISO container (10) (fig. 6). The stinger (21) 
has grips (23) at its tip, with which to grip fee inside of the tubular (20) with 
sufficieat force to restrain it wlule the Sub (24) is spun in and connected (ilg. 6). The 
gripping mechanism is mediantcallyi hydrauUcally or electrically activated and can 
IS grip a small iwgo of intemol diameters, so that only about 3 difiereut stinger 
Assemblies are required in order to encompass all drill pipe from 3i4 to inches. 

The Sub (24) is rotated by the Drive (25) (fig. 7) wbloh is driven through the Drive 
carriage (26)^ which itself dides along &e stinger (21) and seals to it When &e Sub 
20 (74) has been connected to the Tubular (20) stored in the ISO container (I0)» die 
stinger (21) ceases to grip the Tubular C20) and tiie Drive (25) then slides along the 
Stinger (21) pulling tiie tubular (20) out of storage and onto the stinger (21). 

The Guide 

25 

The Guide (31) (Fig 6) is a ccntifilising guide, designed to assist in supportii^g the 
tubular (20) aa it is being pulled onto the stinger (21) and while it is being transported 
to the vertical drilling mode. It is designed to centralise for diameters ranging fiom 
Ae OD of the tubular tool joint (43) (figs, 6 and 7), down to the OD of the stinger 
30 (21), (by any of several commercially available piiui art methods). 
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K^f^ng't<> Jig 9 ihe'Gin:dt (31), IWve (25) aiid ^tiiiger (21) connect to tiie Mast 
(13), Drive carnage (27) and stinger carriage (22), respectively, by connectors (32), 
so that alternative stinger Assemblies can be connected to the mast to cater for 
5 mfferent ranges of tubular di«motM'. (E,g, 3 Vi" to 4", 414" to 5", 5W to 6 %")- 

A prsferred alternative is shown in Fig 10, whereby the stinger assembly has two 
gwde shafts (45) connecting the backstop (46) directly to the wellhead assembly (15) 
via the weUhead assembly Connectors (47), The axial forces caused by mud pressure, 

10 in Fig B would thereby be transferred dinw3tly to the wellhead assembly (15) without 
passing through the roast (13). These Connectors (47) are either side of the wellhead 
centre line so thai there is no bendiog mooaent oa the mast (13) due to these axial 
forces. These guide shafts also assist m TUHintftiTiing the alignment of stinger assembly 
components, Guide (31), Drive (25) and stinger (21), as the stinger assembly (14) is 

1 5 connected to the mast (1 3). 

A &rtber option is shown m Fig 1 1, wherdu the Drive (25) is designed to engage 
racks on the gudde shafts (45) so that the force necessaiy to support the drill string is 
transferred directly to the wellhead assembly (15) via the weKbead assembly 

20 connectors (47) without passing through the mast (13). This requires extm drive 
shafts (33) to provide the oiotivatioa In this design the guide shafts (45) must be 
capabie of withstanding a high oon^xressive, and potentially buckling, force. If this is 
so deigned, the mast (13) avoids all axial forces due to mud pressure or drill string 
weight and only has to resist the torsion forces of the Drive* while in the Drilling 

25 Mode.-The mast (15) has nevertheless to be c^ble of withstanding the bending 
moment of the weight of stinger &»iemhly and Tabular^ when horizontal in the 
Warehousing Mode. 

30 
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■ The Drive Carriage 

The Drive (25) slides along th^ stinger (21) wth a higb pressure seal (27) fig. 7, 
whicxi is required to slide axially; not rotatlonally. The stinger (21) and Drive (25) do 
5 not themselves rotate. The Drive (25) rotates the Sub (24) and there is a high picssuie 
seal (28) betvh^ceu the Bvb (24) and Drive (25) which slides rotationally, not axially. 

The size aad weight of the Drive (25) is minimised by including only the gearing to 
transmit torque torn the drive shaft (29) under the iuast (23) to the Sub (24) via the 
10 bushing (43) (fig. 7) and drive shaft (or spline) (44). The motor (30) providing the 
torque is mounted close to the Mcitim of the mast (J 3); as is also the motor (45) for 
the Drive carriage (26), which replaces the conventional draw^works. 

The drive shaft (29), which provides torque to die drill stxing is akin to the 
15 coaventional Kelly, with the Kelly bii^hing rising and falling, instead of the Kelly. 

The Drive carriage (26) can be driven along the length of the mast (13) by wire rope 
conventionfillyy or by a hydraulic motor or hydraulic ram or electrically* The preferred 
method is to use an electrically driven pinion in the carriage (26) acdii^ on a tack 
20 attached to the mast (1 3)» since this is a preferred method to drive the mast cairiage 
on the gantry and also the gantry carriages ondsie Base. 

The Mast and Mast Carriage 

25 In use when in Warehousbg Mode, the mast (13) moves iii oii X Y system to access 
the particular slot in the ISO containers with adequate precision to insert the slingex 
(21) without touching the threads of the tubulai's box (42) (fig- ^> 
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Rcfenisg to Fig 5> The aaast (13) is moxmted oo tbe most carriage which xDOves 
veftfcaliy li;Yl«iQ oinhe si* which itself mevcs hctftoiitaUy (X'iiSis) 

on its gantry carriages. 

5 Referring to Fig 8, The mast (13) locks into tibe wc/lhcad assembly (15) at position 
(16), as it moves sideways into location above the wellhead assembly (15). Thereby, 
when the mast (1 3) is in a Drilling Mode, the vertical and rotaiy forces transmitted by 
ths Drive carriage (26) and stinger carriage (22) arc, to a large extent, transferred 
back to the wellhead. 

10 

Thus the stinger (21), shown in Fig 5, seivcs the following purposes: 

■ To access a tubular (20) within an ISO container by penetratiiig it and gripping 
the inside of the tubular. 
15 * To bold the tubular (20) stationary and centre the Drive saver-sub (Sub) (25) on 
tae tubular box , while the Sub pin coxmects or ^makes up' to the tubular (20). 

* To release its grip on the nude up tubular and retract to its backstop 

" To allow the Drive to wthdraw tbe tubular from the ISO container onto tlie 
stinger 

20 ' To mthstand the mod |««ssure of as much as 3,000 psi, which can produce an 
axial load on the stisger of as much bs 70 tons, while the Drive pushes or 'snubs'; 
the tubular into the wellhead, wi& a force of connderably less than 10 tons. 

• To provide a smooth sealmg surface for the Drive's high pressure seal to slide 
along. 

25 • To pass drilling fiuid iulo ihe tubular once it is scaled into the wellhead by the 
'Connector' and eliminate Uie lojOtg conventional *Kelly hose'. 

Trie travel of the stinger carriage of about 6 ft, is sufficient to reach the shortest 
tubular at 38ft and penetrate it beyond the box 42, before gripping it, plus an 
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additional disxance of about 2 ft to enable the stinger to push the tabular (20) out of 
the ftr end of lEe ISD'cbntwrief'Cl 0)'f6r cleaning &' insjjeclion etc. 

The Gan*jv and Ga ntiv Carriages 

5 

Fig 8 shows the gantry (12), which travels laterally along the line of stored ISO 
containers on gantiy caxriagcs (49) running on the rails of the Base Structtxre (11). 
The gentry (12) serves both to support the mast carriage (50) and to portion and re- 
position ISO containers (10). 

10 

With the xainioinin Drilling System, one gantry (12) supporting cue mast (14) is 
sxiffident to drill a well and the positioning and re-positioning of ISO containers (10), 
can be carried out by the site ctane or by the gantry with a relatively small 
interruption to the drilling, 

15 

The optimum Drilling System may have two Gantries and two masts* w<«king 
alternately over the well, with plenty of time available for the non-dxillijig gantry and 
tnast to carry out wardliousing. The Gantries also provide the meana of access to 
inspect, clean and lubricate the tubular threads of the pins and boxes at both ends of 
20 each ISO container; either manually or by machine. TrippJ^g out of the hole and back 
into the hole can attain maximum speed by using two masts mounted on two gantries, 
working alternately over the well. 

As much as possible, all of the electric, hydraulic and/or internal combustion motors 
of the Drilling System are located on the fer aide of the ISO containers away from the 
25 weU, with the traEsmission drives wossing over the gantry and onto the mast The 
mast and stinger assembly are kept as simple and light as possible in order to 
mioimise energy loss, fatigue and wear. 
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Tubulan and Tabular Assemblies include all components that are aomally 
introduced into tbe well bore; tocludlfigiirill pipe, dhll collarisV casicg. lmers> txbfiig, 
drill bits and assemblies, MWD components, coring components and Sshing tools. 



5 A String consists of a plurality of Tubulars and/or Tubular Assemblies connected 
together and located within the v/ell bpie, drilled or being drilled. 
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